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DETAILED ACTION 



Introduction 

1. Claims 1-12 of U.S. Application 09/732,177 originally filed on 12/07/2000 are 
currently pending. 

2. Claim 1 has been amended, thereby necessitating a new grounds of rejection for 
claim 1 and its dependent claims. This action is final. 



Priority 

3. Acknowledgment is made of applicant's claim for foreign priority based on an 
application filed in Japan on 12/07/1999. It is noted, however, that applicant has 
not filed a certified copy of the Japanese application as required by 35 
U.S.C. 119(b). 



Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described In a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

5. The prior art used for these rejections is as follows: 
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6. Morich, M. U.S. Patent 5,296,810. Date of Patent: March 22. 1994. (Henceforth 
"Morich"). 

7. The claim rejections are hereby summarized for Applicant's convenience. The 
detailed rejections follow. 

8. Claims 7, 10 and 12 are rejected under 35 U.S.C. 102(b) as being anticipated 
by Morich. 

9. In regards to claim 7, Morich teaches the following: 7. A magnetic field gradient coil 

assembly having wound inner and outer coils, said magnetic field gradient coil assembly 
having been designed by a method comprising the steps of: 

(See Morich, especially: col.1, line 65 to col.2, line 10) 

setting or resetting the number of said inner coils and the number of turns of each inner 
coil and optimizing their positions such that a resulting magnetic field strength falls within 
a tolerable range of a target magnetic field gradient under shielded conditions; 

(See Morich, especially: Fig. 7, Item 100 and associated text at coL7, lines 17-29) 

setting the number of said outer coils and the number of turns of each outer coil; 

(See Morich, especially: Fig. 7, Item 110 and associated text at col. 7, lines 29-41) 

calculating Fourier components of an electric current spatial distribution necessary for the 
outer coils; 

(See Morich, especially: Fig. 7, Item 120; and col.7, line 41 to col. 8, line 2; and 
col.8, line 51 to col.9, line 32) 

optimizing positions of the outer coils to approximate the Fourier components of the 
current distribution; 

(See Morich, especially: Fig. 7, Item 124 and associated text at col.8, lines 3-12) 

calculating magnetic fields leaking from the inner and outer coils, respectively; 

(See Morich, especially: Fig. 7, Item 130 and associated text at col.8, lines 34-50) 

resetting the number of the outer coils and the number of turns of each outer coil such 
that the magnetic field distortions caused by eddy currents fall within a tolerable range. 

(See Morich, especially: Fig. 7, Item 132 and associated text at col.8, lines 38-50; 
and col. 12, Eq.28, where "... the j>1 derivatives represent contaminants." ) 
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10. In regards to claim 10, Morich teaches the following: 

10. The magnetic field gradient coil assembly of claim 7, wherein said step of optimizing 
the positions of the outer coils to approximate the Fourier components of the current 
distribution performs the approximation using a small number of tightly wound coils. 

(See Morich, especially: Fig.7, Item 110 and associated text at col. 7, lines 29-41) 

1 1 . In regards to claim 12, Morich teaches the following:i2. The magnetic field gradient coil 

assembly of claim 7, wherein said step of resetting the number of the outer coils and the 
number of turns of each outer coil if the magnetic field distortions are outside the 
tolerable range, 

said step of calculating Fourier components of an electric current distribution necessary 
for the outer coils. 

(See Morich, especially: Fig.7, Item 120; and col. 7, line 41 to col.8, line 2; and 
col.8, line 51 to coL9, line 32) 

said step of optimizing the positions of the outer coils to approximate the Fourier 
components of the current distribution, 

(See Morich. especially: Fig.7, Item 124 and associated text at col.8, lines 3-12) 

said step of calculating magnetic fields leaking from the inner and outer coils, 
respectively, and 

(See Morich, especially: Fig.7, Item 130 and associated text at col.8, lines 34-50) 

said step of calculating magnetic field distortions caused by eddy currents produced by 
the leaking magnetic fields are repeatedly carried out to determine optimum conditions 
for the outer coils by trial and error. 

(See Morich, especially: Fig.7, Item 134 and associated text at col.8, lines 45-50) 



Claim Rejections - 35 USC § 103 

12. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill In the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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13. The prior art used for these rejections is as follows: 

14. Morich, M. U.S. Patent 5,296,810. Date of Patent: March 22. 1994. (Henceforth 
"Morich"). 

15. Jin. Jian-Ming. "Electromagnetics in Magnetic Resonance Imaging." IEEE 
Antennas and Propagation Magazine . Dec. 1996. Vol.40. Issue 6, pp. 7-22. 
(Henceforth "Jin"). 

16. Weisstein, Eric. "Green's Function", from MathWorld - A Wolfram Web 
Resource. © 1999 CRC Press. (Henceforth "MathWorld"). 

17. The claim rejections are hereby summarized for Applicant's convenience. The 
detailed rejections follow. 

18. Claims 1, 4, and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Morich in view of Jin. 

1 9. In regards to claim 1 , Morich teaches the following: 1 . a method of designing a 

magnetic field gradient coil assembly using tightly wound inner and outer coils, said 
method comprising the steps of: 

(See Morich, especially: col.1, line 65 to col.2, line 10) 

setting or resetting the number of said inner coils and optimizing their positions such that 
a resulting magnetic field strength falls within a tolerable range of a target magnetic field 
gradient under shielded conditions; 

(See Morich, especially: Fig. 7, Item 100 and associated text at col.7, lines 17-29) 

setting or resetting the number of said outer coils and the number of turns of each outer 
coil; 

(See Morich, especially: Fig. 7, Item 110 and associated text at col.7, lines 29-41) 

calculating Fourier components of an electric current spatial distribution necessary for the 
outer coils; 

(See Morich, especially: Fig. 7, Item 120; and col.7, line 41 to coL8, line 2; and 
col.8, line 51 to col.9, line 32) 
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optimizing positions of the outer coils to approximate the Fourier components of the 
current distribution; 

(See Morlch, especially: Fig. 7, Item 124 and associated text at col.8, lines 3-12) 

calculating magnetic fields leaking from the inner and outer coils, respectively; 

(See Morlch, especially: Fig. 7, Item 130 and associated text at col.8, lines 34-50) 

However, Morich does not expressly teach the following limitations: 

calculating magnetic field distortions caused by eddy currents at the outside of said outer 
coil p roduced by the leaking magnetic fields; and 

resetting the number of the outer coils and the number of turns of each outer coil such 
that the magnetic field distortions caused by eddy currents fall within a tolerable range. 

Jin, on the other hand, expressly identifies the claimed problem (See Jin, p. 12, 

"4.4 Shielded Gradient Coils", 1st para. Emphasis added): 

One of the major problems in the use of switched gradient coils is the 
interaction of the rapidly switched fields with other conducting structures in 
an MRI system. The magnetic field produced by a gradient coil induces 
eddy currents in other conducting structures, which produce fields 
opposing that of the gradient coil. As a result, the gradient homogeneity 
can be degraded, and the rise and decay times of the switched field can 
be increased. 

Jin also teaches the solution to the problem (See Jin, p. 12, "4.4 Shielded 

Gradient Coils", 3rd para. Emphasis added): 

Basically, the shield coil produces a field that cancels that of the primary 
coil, outside the shield coil . As a result, the total field is zero outside the 
gradient coil . This technique is referred to as active shielding . 

Jin also expressly teaches (See Jin, p. 13, left column, 2nd para.): 

Figure 1 1 shows the current distribution on the primary and shield coils of 
a shielded longitudinal transverse-gradient coil. Shielded longitudinal- 
gradient coils can be designed in a similar manner. 
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Examiner interprets that the "Axial Distance" parameter is used to calculate the 
distance between the turns of each outer coil, from which the number of turns 
can be derived. 

It would have been obvious to one of ordinary skill in the art at the time 
the invention was made to modify the teachings of Morich with those of Jin, 
because doing so would minimize the noise generated by electromagnetic leaks. 

20. In regards to claim 4, Morich teaches the following: 

4. A method of designing a magnetic field gradient coil assembly as set forth in claim 1 , 
wherein said step of optimizing the positions of the outer coils to approximate the Fourier 
components of the current distribution performs the approximation using a small number 
of tightly wound coils. 

(See Morich, especially: Fig. 7, Item 110 and associated text at col.7, lines 29-41) 

21 . In regards to claim 6, Morich teaches the following:6, A method of designing a 

magnetic field gradient coil assembly as set forth in claim 1, wherein said step of 
resetting the number of the outer coils and the number of turns of each outer coil if the 
magnetic field distortions are outside the tolerable range, 

said step of calculating Fourier components of an electric current distribution necessary 
for the outer coils, 

(See Morich, especially; Fig. 7. Item 120; and col.7, line 41 to col. 8, line 2; and 
col.8, line 51 to col.9, line 32) 

said step of optimizing the positions of the outer coils to approximate the Fourier 
components of the current distribution. 

(See Morich, especially; Fig. 7, Item 124 and associated text at col.8, lines 3-12) 

said step of calculating magnetic fields leaking from the inner and outer coils, 
respectively, and 

(See Morich, especially: Fig. 7, Item 130 and associated text at col.8, lines 34-50) 

said step of calculating magnetic field distortions caused by eddy currents produced by 
the leaking magnetic fields are repeatedly carried out to determine optimum conditions 
for the outer coils by trial and error. 

(See Morich, especially: Fig. 7, Item 134 and associated text at coL8, lines 45-50) 
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22. Claims 2, 3, and 5, are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Morich in view of Jin and further in view of MathWorld. 

23. In regards to claim 2, while Morich teaches the use of Fourier transforms (see 
col.11, lines 50-52; and col.12, lines 25-29; and col. 7, lines 63-66), Morich does 
not expressly teaches the use of Green's function, as claimed: 

2. A method of designing a magnetic field gradient coil assembly as set forth in claim 1 , 
wherein said step of setting or resetting the number of said inner coils and optimizing 
their positions such that a resulting magnetic field strength falls within a tolerable range of 
a target magnetic field gradient under shielded conditions uses a Green function. 

MathWorld, on the other hand, expressly teaches that "A Green's function 
is an integral kernel that can be used to solve an inhomogeneous differential 
equation with boundary conditions. It serves roughly an analogous role in partial 
differential equations as does Fourier analysis in the solution of ordinary 
differential equations." 

It therefore would have been obvious to one of ordinary skill in the art at 
the time the invention was made to use a Green's Function instead of Fourier 
analysis, because MathWorld teaches that "... It serves roughly an analogous 
role." 

24. In regards to claim 3, while Morich teaches the use of Fourier transforms (see 
col.11, lines 50-52; and col.12, lines 25-29; and col.7, lines 63-66), Morich does 
not expressly teaches the use of Green's function, as claimed: 

3. A method of designing a magnetic field gradient coil assembly as set forth in claim 1 , 
wherein said step of calculating Fourier components of an electric current distribution 
necessary for the outer coils uses a Green function. 

MathWorld, on the other hand, expressly teaches that "A Green's function 
is an integral kernel that can be used to solve an inhomogeneous differential 
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equation with boundary conditions. It serves roughly an analogous role in partial 
differential equations as does Fourier analysis in the solution of ordinary 
differential equations." 

It therefore would have been obvious to one of ordinary skill in the art at 
the time the invention was made to use a Green's Function instead of Fourier 
analysis, because MathWorld teaches that "... It serves roughly an analogous 
role." 

25, In regards to claim 5, while Morich teaches the use of Fourier transforms (see 
col.11, lines 50-52; and col. 12, lines 25-29; and col.7, lines 63-66), Morich does 
not expressly teaches the use of Green's function, as claimed: 

5. A method of designing a magnetic field gradient coil assembly as set forth in claim 1 , 

wherein said step of calculating magnetic fields leaking from the inner and outer coils, 
respectively, and 

said step of calculating magnetic field distortions caused by eddy currents produced by 
the leaking magnetic fields use a Green function. 

MathWorld, on the other hand, expressly teaches that "A Green's function 
is an integral kernel that can be used to solve an inhomogeneous differential 
equation with boundary conditions. It serves roughly an analogous role in partial 
differential equations as does Fourier analysis in the solution of ordinary 
differential equations." 

It therefore would have been obvious to one of ordinary skill in the art at 
the time the invention was made to use a Green's Function instead of Fourier 
analysis, because MathWorld teaches that "... It serves roughly an analogous 
role." 
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26. Claims 8, 9 and 11 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Morich in view of MathWorld. 

27. In regards to claim 8, while Morich teaches the use of Fourier transforms (see 
col.11, lines 50-52; and col.12, lines 25-29; and col.7, lines 63-66), Morich does 
not expressly teaches the use of Green's function, as claimed: 

Claim 8 (Previously Presented): The magnetic field gradient coil assembly of 
claim 7. wherein said step of setting or resetting the number of said inner coils and 
optimizing their positions such that a resulting magnetic field strength falls within a 
tolerable range of a target magnetic field gradient under shielded conditions uses a 
Green's function. 

MathWorld, on the other hand, expressly teaches that "A Green's function 
is an integral kernel that can be used to solve an inhomogeneous differential 
equation with boundary conditions. It serves roughly an analogous role in partial 
differential equations as does Fourier analysis in the solution of ordinary 
differential equations." 

It therefore would have been obvious to one of ordinary skill in the art at 
the time the invention was made to use a Green's Function instead of Fourier 
analysis, because MathWorld teaches that "... It serves roughly an analogous 
role." 

28. In regards to claim 9, while Morich teaches the use of Fourier transforms (see 
col.11, lines 50-52; and col.12, lines 25-29; and col.7, lines 63-66), Morich does 
not expressly teaches the use of Green's function, as claimed: 

Claim 9 (Previously Presented): The magnetic field gradient coil assembly of 
claim 7, wherein said step of calculating Fourier components of an electric current 
distribution necessary for the outer coils uses a Green's function. 
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MathWorld, on the other hand, expressly teaches that "A Green's function 
is an integral kernel that can be used to solve an inhomogeneous differential 
equation with boundary conditions. It serves roughly an analogous role in partial 
differential equations as does Fourier analysis in the solution of ordinary 
differential equations." 

It therefore would have been obvious to one of ordinary skill in the art at 
the time the invention was made to use a Green's Function instead of Fourier 
analysis, because MathWorld teaches that "... It serves roughly an analogous 
role." 

29. In regards to claim 1 1 , while Morich teaches the use of Fourier transforms (see 
coL1 1, lines 50-52; and col. 12, lines 25-29; and col.7, lines 63-66), Morich does 
not expressly teaches the use of Green's function, as claimed: 

Claim 1 1 (Previously Presented): The magnetic field gradient coil assembly 
of claim 7, wherein said step of calculating magnetic fields leaking from the inner and 
outer coils, respectively, and said step of calculating magnetic field distortions caused by 
eddy currents produced by the leaking magnetic fields uses a Green's function. 

MathWorld, on the other hand, expressly teaches that "A Green's function 
is an integral kernel that can be used to solve an inhomogeneous differential 
equation with boundary conditions. It serves roughly an analogous role in partial 
differential equations as does Fourier analysis in the solution of ordinary 
differential equations." 

It therefore would have been obvious to one of ordinary skill in the art at 
the time the invention was made to use a Green's Function instead of Fourier 
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analysis, because MathWorld teaches that "... It serves roughly an analogous 
role." 



Conclusion 

30. The following prior art, made of record and not relied upon, is considered 
pertinent to applicant's disclosure. 

■ Siebold, H. "Design Optimization of Main, Gradient and RF Field Coils for MR 

Imaging." IEEE Transactions on Magnetics . March 1990, Vol.26, Issue 2, 

pp.841 -846. (Teaches on p.844, "Eddy Currents" section, 1®* para.: 

the gradient coils produce also a magnetic stray field outside the cylinder 
which induces eddy currents in the inner cryogenic radiation shields of the 
s.c. magnet ... 

Siebold also expressly teaches on p.845, "Passively Shielded Gradients" 
section, 1®* para,: 

"It is therefore necessary to design the gradient coils taking the eddy 
currents into account." 

■ U.S. Patent 5,349,297. Issued Sept. 20, 1994 to DeMeester et al. (Teaches 

the following on col.1 , line 64 to col. 2, line 3: 

More recently, self shielded gradients have been developed so as to 
eliminate eddy currents. A self shielded gradient consists of a set of 
primary x, y, and z coils and an additional set of x, y, and z-coils at a 
larger radius. The geometry of the coils is chosen such that when the coils 
are excited in the series, they have substantially no residual gradient 
field outside of the outer coils . 

■ U.S. Patent 6,456,076 to Joseph. (Post-dates the instant application. Teaches 
the use of a shielding coil to cancel eddy currents.) 
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■ U.S. Patent 5,488.299 to Kondo et al. (See abstract. Teaches the use of an 
active shield to eliminate eddy currents.) 

■ U.S. Patent 5,585,724 to Morich et al. (Teaches the use of a "second or 
shield gradient coil " to eliminate eddy currents. See col. 12, lines 35-50). 

■ U.S. Patent 6,100,692 to Petropoulos et al. (Teaches a method of designing 
shielded gradient coil assemblies and eddy current analysis. See col.3, lines 
2-20). 

31. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 
37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire 
THREE MONTHS from the mailing date of this action. In the event a first reply is 
filed within TWO MONTHS of the mailing date of this final action and the advisory 
action is not mailed until after the end of the THREE-MONTH shortened statutory 
period, then the shortened statutory period will expire on the date the advisory 
action is mailed, and any extension fee pursuant to 37 CFR 1 .136(a) will be 
calculated from the mailing date of the advisory action. In no event, however, will 
the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 
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Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Ayal I. Sharon whose telephone number is 
(571) 272-3714. The examiner can nomially be reached on Monday through 
Thursday, and the first Friday of a biweek, 8:30 am - 5:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Leo Picard can be reached at (571) 272-3749. 

Any response to this office action should be faxed to (571) 273- 8300, or 

mailed to: 

USPTO 

P.O. Box 1450 

Alexandria, VA 22313-1450 

or hand carried to: 

USPTO 

Customer Service Window 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

Any inquiry of a general nature or relating to the status of this application 
or proceeding should be directed to the Tech Center 2100 Receptionist, whose 
telephone number is (571) 272-2100. 
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